The goal of the study was to determine if there was an association between diet quality and cardiovascular risk factors Data suggest that diet quality is inversely associated with several CVRF.
Introduction
The use of diet-quality indexes has become widespread. These indexes allow evaluation of the total diet in relationship to select nutrient intake, compliance with dietary recommendations, and chronic disease risk (1, 2) . An initial review of indexes of overall diet quality (3) and the variability in selected indexes of overall diet quality (4) was followed 11 y later by a critical review (5) that focused on diet-quality measures with particular attention paid to the actual composition of the diet, the differences (and similarities) between various indexes, and the components used to determine the score. This critical review also looked at dietquality indexes and their relation to health outcomes (5) . In summary, 20 different indexes were reviewed, and they differed in several respects, such as in the items included, the cutoff values used, and the exact method of scoring, indicating that many arbitrary choices were made. Development or assessment of these indexes has focused on food or nutrient intake, or nutrient adequacy (6) (7) (8) (9) (10) (11) , biomarkers (12) (13) (14) (15) (16) , chronic disease risk (17) (18) (19) (20) , mortality (21, 22) , or obesity (23) (24) (25) (26) . Very few studies looked at individual cardiovascular risk factors (CVRF) 7 and diet quality (27, 28) .
The original Healthy Eating Index (HEI), released in 1995, comprised 10 components (11) . Five components assessed the nutrient adequacy of the diet by using the 5 major food groups of the original Food Guide Pyramid; 4 components assessed aspects of the diet that should be limited or consumed in moderation, and the 10th component was a measure of variety in food choices. The release of the 2005 Dietary Guidelines for Americans (DGA) (29) necessitated the revision of the original HEI (updated to the HEI-2005) (30) (31) (32) to parallel the key dietrelated recommendations of the 2005 DGA. The criteria for the HEI-2005 , which is the most recent version of the HEI, included 10 food components and 2 nutrients, SFA and sodium. The majority of the studies looking at diet quality with health outcomes have used the HEI-1995, with nutrition data collected from an FFQ (17, 18) or by 24-h dietary recalls (8, 15) . Only one study (20) was found that used the HEI-2005 based on food-frequency dietary data collected from female nurses aged 30-55 y; and diet quality (defined by HEI-2005) was a strong predictor of chronic disease risk, namely coronary heart disease, diabetes, stroke, and cancer. To our knowledge, there are no current studies that have analyzed diet quality, using the HEI-2005, and individual risk factors for cardiovascular disease (CVD) and metabolic syndrome (MetS).
As stated, the HEI-2005 is a measure of adherence to the 2005 DGA (29) . The implication is that Americans who adhere more closely to the dietary recommendations will have a betterquality diet. Although these recommendations promulgated by the DGA are aimed at promoting optimal health and reducing the risk of chronic diseases, data supporting the overall effectiveness of these guidelines are sparse. There is sufficient evidence on the health benefits of the individual food components recommended through the DGA (29) or MyPlate (33); however, there is very little evidence looking at the benefits of adhering to either the DGA or MyPlate as a total health package.
There is increased interest in studying disease risk in relation to overall dietary patterns in addition to specific foods, nutrients, or food components (34) (35) (36) (37) . Multiple methods can be used to study diet quality, including factor and cluster analysis (34) (35) (36) (37) , or by using indexes such as the HEI. Measures of overall diet quality have been associated with biomarkers (15, 16, 38) of chronic disease risk and health outcomes (4, 27, 28, (38) (39) (40) . Large cohort studies have shown conflicting results with HEI scores and chronic disease. In a study in French adults, higher HEI scores were weakly associated with lower BMI and lower blood pressure for men only but were not associated with plasma lipid profiles (27) . HEI scores derived from FFQ were weakly associated with lowered risk of CVD in men (17) but were not associated with a reduced chronic disease risk in women (18) . Both studies examined adherence to the 1995 DGA. A more recent study showed that scores from an Alternative Healthy Eating Index were more strongly associated with reduced risk of the chronic disease than the HEI-2005 (20) .
Previous research in the United States has shown inverse relationships between HEI and BMI, total cholesterol, C-reactive protein (CRP), homocysteine, glucose, and glycated hemoglobin (Hb A 1c ) (15, 16) . Several studies have looked at whether the HEI was related to obesity in adults and children (23) (24) (25) or to abdominal obesity in adults (41) . One study found weak positive associations between scores on an Australian Dietary Guideline Index and weight and adiposity in children (42) . In children and adults, a low HEI score was associated with overweight and obesity (23) (24) (25) , with a decreased risk of becoming obese with increased HEI. An older study using NHANES III data and the1995 HEI found that HEI was associated with a lower risk for abdominal obesity in US adults (41) . A systematic literature review of 30 observational studies found that the significant associations between a diet index score and BMI and obesity were consistently negative (24) . However, some studies failed to find similar relationships between diet quality and weight measures (34, 35) . Findings from these studies need to be confirmed by using more recent national data and the most current measure of diet quality. The goal of this study was to determine if there was an association between diet quality (HEI-2005) and CVRF in adults using the most recently available data (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) ) from the NHANES.
Participants and Methods
Study overview, population, and analytic sample. NHANES is an ongoing initiative conducted by the National Center for Health Statistics of the CDC to collect information on the health and nutritional status of a cross-sectional, nationally representative sample of the total civilian, noninstitutionalized US population. The NHANES design is a stratified, multistage probability sample based on selection of counties, blocks, households, and the number of people within households. The methods and study design for NHANES have been previously described (43) . In this study, data on adults aged $19 y (n = 18,988) participating in the NHANES 2001-2008 were combined for these analyses to increase the sample size. Women were excluded from the study if they were pregnant or lactating. Because this was a secondary data analysis with a lack of personal identifiers, this study was exempted by the Baylor College of Medicine Institutional Review Board.
Dietary assessment. Dietary intake data were obtained from in-person 24-h dietary recall interviews by using an Automated Multiple-Pass Method (44 (45) .
Energy and nutrient intakes were calculated by using the USDAÕs Food and Nutrient Database for Dietary Studies (46) . For each subject, a variable measuring the ratio of actual energy intake to the predicted energy requirement (RAEPE) was created by using equations from the Institute of Medicine (47) . This ratio was used as a covariate to help adjust for implausible intake. MyPyramid Equivalents Database (MPED) versions 1.0 (48) Diet quality was calculated by using the HEI-2005. Food group standards and the development and evaluation of the HEI-2005 have been described previously (30) (31) (32) . Briefly, HEI-2005 was designed to evaluate all of the major MyPyramid food groups and major subgroups (Supplemental Table 1 ). The 12 HEI-2005 components were summed for a total possible score of 100 points. Higher scores indicated greater dietary intake, except for SFA, sodium, and solid fats, alcohol, and added sugars (SoFAAS), in which higher scores indicated lower intake. Each participantÕs component score was calculated by dividing the total component intake by the total energy intake and multiplying by 1000. Scores were energy-adjusted on a density basis (per 1000 kcal), which allowed for characterization of diet quality while controlling for diet quantity. The rating of diet quality (such as good, fair, or poor) based solely on the total HEI-2005 score was not recommended (32) because a ''fair'' overall assessment could mean ''fair'' on all components or ''outstanding'' on some and ''poor'' on others (32) . Therefore, the individual food component HEI scores in this study were considered important to provide independent information about diet quality. However, the total score was used to stratify participants by quartiles of diet quality to assess any association of diet quality to health indexes. It is acceptable to use the total HEI-2005 score for distinguishing very high scoring diets from very low scoring diets, as in epidemiologic dietary pattern analyses that model disease risk among those in the highest quartile compared with those in the lowest quartile of diet quality (32) .
Cardiovascular risk factors. Health indexes that were evaluated included BMI, waist circumference (WC), diastolic blood pressure Diet related to chronic disease markers 2113 (DBP), and systolic blood pressure (SBP), HDL cholesterol, LDL cholesterol, fasting TG, fasting blood glucose, insulin, apo B, and CRP concentrations and risk of MetS. Measurements of height and weight, WC, and blood pressure were obtained according to the NHANES protocols in the MEC (50, 51) . BMI was calculated as [body weight (kg)/height (m 2 )]. Three or four readings for SBP and DBP were recorded in the NHANES; an average from each set of readings was used in this study. Venous blood was drawn in the MEC, and participants who had fasted for $8.5 h, with nonzero fasting subsample weights, were eligible for the assessment of fasting measures (i.e., serum LDL cholesterol, insulin, and plasma glucose) (52). Serum total cholesterol and plasma glucose were measured spectrophotometrically by using a series of enzymatic reactions (Roche Diagnostics) (52). Serum LDL cholesterol was calculated according to the Friedewald equation and was reported only for fasting participants (52). Serum HDL cholesterol was measured by using enzymatic reactions in conjunction with the heparin-manganese precipitation method or a direct immunoassay technique (Roche Diagnostics) (52). Serum insulin was measured by RIA (Pharmacia Diagnostics), immunoenzymometric assay (Tosh Medics), or ELISA (Mercodia) (52). Hb A 1c was measured by an automated HPLC system (Primus Corp or Tosh Medics); and high-sensitivity serum CRP was measured by particleenhanced immunoassay with latex-enhanced nephelometry (Dade Behring Diagnostics, Inc.) (52).
Clinical definitions. Overweight/obesity was defined as a BMI $25 kg/ m 2 (53) . An index of insulin resistance and sensitivity was calculated according to the homeostasis model assessment formula [fasting plasma or serum glucose (mg/dL) 3 fasting plasma or serum insulin (mU/mL)]/ 405 (54). MetS was defined by using the National Heart, Lung, and Blood InstituteÕs Adult Treatment Panel III criteria (55) 
were determined by using established criteria (55) (56) (57) (58) (59) .
Statistical analysis. Data were analyzed with the statistical packages SAS, version 9.2 (SAS Institute), and SUDAAN, version 10.0.1 (2009; RTI). Linear regression was conducted to assess the association between diet quality (HEI) and health indexes. In addition, P values for linear and quartile trends were determined to assess the association with health indexes across quartiles of diet quality. The covariates used in the model for the regression analyses and the P-trend analyses included the following: age, gender, race-ethnicity, poverty-income ratio, RAEPE, physical activity level, current smoking status, and alcohol consumption. BMI was controlled for all of the CVRF except for BMI. Logistic regression was used to determine the likelihood (OR) of being overweight or obese or having increased CVRF. The covariates used in this analysis included ethnicity, gender, age, estimated energy ratio (kcal/estimated energy requirement), poverty-income ratio, BMI, physical activity, smoking, and alcohol. BMI was controlled for all of the CVRF except for BMI. All analyses were weighted by using the NHANES examination sample weights to produce national estimates and adjust for the complex sample design of NHANES. The d 1 dietary weights were used for all variables except for fasted samples for which weights were used for variables obtained on a fasted sample (LDL cholesterol, TG, and apo B). Significance was set at P < 0.05, with a Bonferroni correction of P < 0.0125 for multiple comparisons.
Results
Demographic and lifestyle characteristics of the sample. The sample, aged $19 y (n = 18,988), comprised 49% men and 72% whites, 11% blacks, 12% Hispanics, and 5% other. Sixtythree percent reported sedentary-to-light physical activity, 25% reported smoking, and 27% reported drinking alcohol. The mean HEI score was 51.2 (data not shown). The mean separation of the percentage of the total population across the HEI quartiles by demographic and lifestyle characteristics is presented in Table 1 . A higher percentage of men and blacks had poorer diet quality than women and the other race-ethnic groups, respectively. A higher percentage of Hispanics had better diet quality than blacks, and there were no differences in the percentage of whites across the HEI quartiles. The povertyincome ratio increased across the HEI quartiles. The percentage of sedentary-to-light physical activity and percentage not smoking or drinking decreased with increasing diet quality.
Association between diet quality (HEI) quartiles and HEI components. For vegetables, grains, milk, and meats/beans, a change in score in each individual food group resulted in a significant increase (P < 0.0001) in total diet quality ( Table 2) . For total fruit, whole fruit, oils, and SFA there was a $1-point change in HEI score for that food group (P < 0.0001) The largest increase in diet-quality score was found in SoFAAS. There was a percentage decrease (P < 0.0001) in diet quality with an increase in SoFAAS score. There was no significant difference in sodium points with increased diet quality.
Association between diet quality and CVRF. There were significant linear and quartile trends between diet quality (HEI) and CVRF. With increasing HEI, there was a significant linear decrease in BMI (P < 0.0001), WC (P < 0.0001), DBP (P = 0.0002), CRP (P = 0.0016), total cholesterol (P = 0.0006), LDL cholesterol (P = 0.0039), insulin (P = 0.0159), and MetS (P = 0.0035). Mean concentrations of HDL cholesterol significantly increased with increased diet quality (P = 0.0048) ( Table 3) . Several of these linear and quartile trends resulted in an increased risk of being overweight or obese or having CVRF 2 Bonferroni correction, P , 0.0125. 3 Adjusted for ethnicity, gender, age, estimated energy ratio (kcal/estimated energy requirement), poverty-income ratio, BMI, physical activity, smoking, and alcohol. BMI was controlled for all of the CVRF except for BMI.
Diet related to chronic disease markers 2115 (Table 4) . Individuals with the highest diet quality (HEI quartile 4) were less likely to be overweight/obese (34%) or have elevated WC (35%), elevated blood pressure (26%), MetS (35%), and decreased HDL cholesterol (21%) than those with the lowest diet quality (HEI quartile 1). Similar RR were found between the intermediate HEI quartiles (HEI quartiles 2 and 3) and the lowest diet-quality quartile.
Discussion
Results showed that diet quality as assessed by HEI varied according to sociodemographic factors such as age, gender, and race-ethnicity as well as lifestyle factors such as exercise, smoking, and alcohol use. The mean HEI score was higher among women, Hispanics, and individuals with higher income compared with men, blacks, and individuals with lower income, respectively. The percentage of adults who reported smoking, drinking alcohol, and participating in sedentary-to-light physical activity decreased with increased diet quality. These results are similar to those previously published using earlier data and a variety of diet-quality indexes (18, 27) . The HEI was designed to evaluate all of the major MyPyramid food groups, so high scores reflect a diet high in fruit, vegetables, whole grains, low-fat dairy foods, lean meats and legumes, and oils and a diet low in SFA and sodium (30) (31) (32) . Scores are energy-adjusted on a density basis (per 1000 kcal), which allows for characterization of diet quality while controlling for diet quantity. Diets rich in these individual food groups and low in SFA and sodium have been associated with a reduced risk of CVD, resulting from lower blood lipid concentrations, blood pressure, and inflammatory markers (60) . Recently, the emphasis has shifted from looking at individual foods or food groups and health risks to examining the effect of total diet (38) (39) (40) . Thus, it is important to assess diet quality and health risks, rather than considering individual components of the diet.
Several studies have looked at diet-quality indexes and health outcomes (17) (18) (19) (20) 27, 28) , and several have used an older version of the HEI or other indexes of diet quality with obesity (22) (23) (24) (25) , abdominal obesity (41), or biomarkers (27, 28) . The odds of having obesity and abdominal obesity were significantly lower with increased HEI diet-quality scores. Moreover, an older version of the HEI was a strong independent negative predictor of BMI, serum homocysteine, CRP, plasma glucose, Hb A 1c , and LDL and HDL cholesterol (27, 28) . This study confirmed the findings from previous studies using the most recently available NHANES data and the most recent measure of diet quality (HEI-2005) . Data showed that diet quality was inversely associated with a number of CVRF in US adults. Unique to this study, however, was that individuals with the higher diet quality were 26% less likely to have elevated blood pressure and 21% less likely to have decreased HDL cholesterol.
There were no differences between the HEI-2005 quartiles for TG concentrations, SBP, and glucose, and the reasons are not immediately clear. TG concentrations were among the most variable of the risk factors examined that may have contributed to the finding. Furthermore, TG concentrations are negatively influenced by diet, including high-carbohydrate diets, especially those high in refined carbohydrates, and low-fat diets (61, 62 ). An assumption inherent in studies assessing diet quality is that a high HEI score should relate similarly to predictable anthropo- metric or metabolic outcomes. However, an identical HEI score may reflect many different dietary profiles. For example, a score of 50 on the HEI can result from many different combinations of the 12 contributing components. Thus, it is likely that individuals with similar HEI scores may not show a similar association with an outcome, which further contributes to an attenuation of the association. A critical review of 20 indexes of diet quality (5) found that the various predefined diet-quality scores varied considerably, indicating that many arbitrary choices have been made in the design of these indexes. This can explain why some of the results relating dietary quality to health outcomes are inconsistent and that the associations between existing indexes and mortality or disease risk were not significant or were generally modest. However, the HEI-2005 and other indexes can be useful to measure the extent to which individuals adhere to dietary guidelines and the association with CVRF. These results need to be interpreted with caution, and the limitation of such a score needs to be acknowledged (32) . The major limitation of this study is the use of cross-sectional study design, which cannot provide evidence of a causal relationship between HEI and CVRF. In part, this could be the result of reverse causality in which subjects may have improved their diet after being informed of a medical condition. Another limitation is the possible underreporting of food intake by some overweight and obese individuals, which has been previously documented in other studies (63, 64) . To help ameliorate the effect of underreporting, RAEPE was used as a covariate in the analyses. It is likely that adults with very high (quartile 1) and very low (quartile 4) scoring diets were classified correctly (32) . In contrast, the extent of misclassification among all other participants (quartiles 2 and 3) can only be estimated. Misclassifications tend to increase the likelihood for type II errors (65) . Also, although we included a number of covariates in models that examined associations, the potential for residual confounding remains.
In conclusion, these results suggest that HEI-2005 is inversely associated with several CVRF in the US population. However, the overall effectiveness of these guidelines in disease prevention needs to be investigated further in prospective studies and among different subpopulations.
